patterned by diffusible molecules that produce spatial gradients in the activity of proteins. Such reaction-diffusion mechanisms have been invoked to explain biological pattern formation in a wide variety of systems, ranging from organ development to subcellular signaling. In the spindle, gradients are thought to emanate from chromosomes and control microtubule assembly [8] . Other hypothetical gradients have been proposed to originate from the spindle midzone [9] , centromeres [10] , and kinetochore microtubules [11] . While the importance of various signaling pathways has been firmly established, it is very difficult to demonstrate that gradients of these regulatory molecules provide spatial information that is used in spindle formation or function.
In the new work, Greenan et al. [1] provide evidence for another gradient in spindles, this one emanating from centrosomes. The authors argue that the length scale of this gradient -of the protein TPXL-1 -sets the length of the mitotic spindle and that changes in the gradient give rise to the changes in spindle length that occur during C. elegans embryogenesis. Remarkably, Greenan et al. [1] suggest that the length scale of the TPXL-1 gradient is determined by the size of the centrosome. Support for this comes from the natural decrease in centrosome size that occurs during early embryonic divisions and RNAi experiments, including the amazing result that in spindles with two centrosomes of different sizes each half spindle has a different length [12] . It is still unclear how centrosome size might influence the decay of the TPXL-1 gradient and how this gradient might actually influence the length of the spindle.
Greenan et al.'s [1] gradient model for the changing length of the spindle in C. elegans development is very different from a mechanical model of the same phenomenon recently proposed by Hara and Kimura [13] . Perhaps there are elements of truth in both the mechanical and dynamical models of spindle length regulation in C. elegans? Or future work might show that one of these mechanisms is dominant. It will also be interesting to know if similar processes cause the decrease in spindle length during the development of other organisms [14] and the differences in spindle lengths between related species [15] . More broadly, while the mechanisms that determine spindle length are intrinsically fascinating, it is still unclear if the exact length of the spindle is really biologically important. After all, the changing length of the spindle during development demonstrates that spindles of different sizes can accurately partition the same genome and we should not assume that every observed cellular and developmental feature is adaptive [16] . The study by Greenan et Mical, a redox enzyme, binds the cytoplasmic domain of the semaphorin receptor plexin A and mediates semaphorin-signaled collapse of the actin cytoskeleton. Recent work now shows that Mical's ability to bind actin filaments and destabilize them in a NADPH-dependent manner is responsible for semaphorin 1a's effects. Barbara W. Bernstein* and James R. Bamburg Mical proteins are a recently identified family of large (118 kDa), cytoplasmic, multidomain, actin-binding proteins [1] , named for their molecular interaction with CasL, an adapter protein involved in cell adhesion. The surprising mechanism by which they fulfill their essential role in mediating axon guidance has been described by the Terman laboratory in a recent issue of Nature [2] . These studies clearly demonstrate that Micals have the unique capability of enzymatically promoting actin filament destabilization through a specific ligand-directed, NADPH-dependent pathway [2] , a pathway activated by semaphorin 1a via plexin A receptor [3] .
Micals are found in both invertebrates and vertebrates: one Drosophila gene, which is not essential for fly survival [4] , and three vertebrate genes (Mical1-3) have been identified. Their distribution includes adult and embryonic brain (neuronal and non-neuronal cells), lung, heart, spleen, kidney, testis, thymus, and hematopoietic cells. While the functions of these proteins extend to angiogenesis, organogenesis, tumorigenesis, and the immune system, it is their role in semaphorin-directed neuronal pathfinding that has garnered the most attention [3] . Pathfinding is a critical process in the nervous system, especially during development; semaphorins through plexins induce collapse of the cytoskeleton underlying the growth cone and thus turn the axon away from an inappropriate target. The Terman report in Nature certainly helps to clarify how Mical modulates actin dynamics in two diverse systems: Drosophila bristle cells and neuronal growth cones.
To understand how Mical accomplishes neuronal guidance, one must consider the impressive array of its diverse binding partners, beyond actin, that enables a number of documented and putative cellular functions. Near its carboxyl terminus, Mical has a proline-rich sequence that associates with the Src homology 3 (SH3) domain of CasL, a docking protein for signaling proteins central to focal adhesion formation. Interestingly, semaphorin binding to plexin in endothelial cells inhibits cell adhesion to substrates. Mical binds plexin through a carboxy-terminal coiled-coil motif similar to that found in ezrin/radixin/moesin (ERM) proteins ( Figure 1A ), which are involved in linking actin filaments to the plasma membrane. Mical binds to F-actin through a calponin homology (CH) domain near the redox catalytic domain located in the amino-terminal region. This catalytic domain has three highly conserved flavin-adenine-dinucleotide binding motifs characteristic of flavin monooxygenases which engage in redox (reduction-oxidation) reactions [4] . At the structural level, Mical1 has homology with p-hydroxybenzoate hydroxylase and the presence of a large basic region in Mical's monooxygenase domain suggests that its redox substrate is an amino side chain of a large positively charged macromolecule, such as actin [5, 6] .
Another element in the signaling of semaphorin via plexin and Mical that contributes to the collapse of a growth cone and the turning away of an axon from an improper target is Mical's binding to collapsing response mediator protein (CRMP) [7] . The enzymatic activity of Mical is autoinhibited by its carboxyl terminus. This inhibition is relieved by the association of CRMP and plexin with the two Mical termini when semaphorin binds plexin. Additionally, CRMP is involved in microtubule dynamics [8] . Mical also interacts with intermediate filaments [1] as well as the actin cytoskeleton and with small GTPases, such as Rab1, which has a major role in vesicle targeting involving both actin and tubulin systems [9] Figure 1A ). They convincingly show that substoichiometric levels of these Mical fragments enzymatically destabilize in vitro both a-actinin-bundled F-actin and unbundled F-actin, but this destabilization requires NADPH and cannot be effected by general redox products, such as H 2 O 2 and NADP + . Moreover, these Mical fragments bind to F-actin in vitro, whereas three control proteins, including the Mical-related redox enzyme p-hydroxybenzoate hydroxylase, do not bind actin. Thus, a direct, actin-destabilizing, physical link between the semaphorin receptor, plexin, and the actin cytoskeleton has been established.
Hung et al. [2] observed profound bristle abnormalities in the course of carrying out mutational analysis of Mical's role in neuronal pathfinding. These observations included 100% of wild-type bristles becoming branched when one additional copy of wild-type Mical or Mical redoxCH is expressed; the branching occurs with no change in the number or position of bristles. Normally there is no branching, and the transgene and bristle-specific drivers alone leave the bristles unbranched. Subsequently, they wisely embarked on a comprehensive study of this bristle phenomenon. The bristle contains cross-linked parallel arrays of short actin filaments (1-5 mm long) projecting in a single gentle curve from the cell [10] . Small changes in actin nucleation, elongation, treadmilling, and depolymerization are manifested in an easily detectable modification of bristle structure, making them an ideal system for characterizing Mical activity. They also saw that the expression of constitutively active or wild-type Mical generates striking changes in neuronal growth cone morphology: proliferation of filopodia, increased shape complexity, and a four-fold increase in area ( Figure 1B) . Assays with purified proteins, combined with electron microscopy of filaments and bristle cells, support the author's proposal that Mical's NADPH-dependent redox activity is responsible for the multifaceted abnormal bristle and growth cone morphologies observed and is thus capable of mediating semaphorin-dependent pathfinding ( Figure 1C provides a summary of their results and interpretations).
The redox modulation of other actin-binding proteins has also been shown to have significant effects on their regulation of actin dynamics. For instance, cofilin is a protein that promotes assembly and disassembly of actin depending upon the cellular conditions [11] . Oxidation of cofilin negates its depolymerizing and severing activity and can even shift its targeting from the cytoskeleton to mitochondria. However, unlike Mical's interaction with actin, the interaction of cofilin with actin is not controlled by 'specific redox signaling'. In contrast to Mical, cofilin is oxidized by reactive oxygen species (ROS), and its oxidation is not dependent upon a particular ligand-receptor signaling pathway. For several reasons it is perhaps interesting to note that Mical can reduce molecular oxygen to H 2 O 2 : such ROS have signaling potential of their own, and their abundance would reduce NADPH levels, opening the possibility that cofilin and Mical could act synergistically in an oxidative environment to promote F-actin polymerization.
Hung et al. [2] reasonably argue that the branching, thickening, thinning, and other effects on bristle structure are secondary to the filament destabilization observed in vitro. Still left open is the question of Mical's substrate, the particular amino acids modified, and the nature of the actin destabilization seen -severing and/or depolymerization. However, these findings definitely enhance our understanding of this key signaling pathway regulating semaphorininduced changes in cell morphology. Recent experiments in both humans and mice suggest that working memory training improves general cognitive ability. While the prospect of enhancing human and animal intelligence is enticing, several questions remain.
Andrew R.A. Conway and Sarah J. Getz Recent human and animal research has converged on the claim that extensive working memory training enhances general cognitive ability. For instance, in humans, a group of subjects that underwent multiple sessions of working memory training subsequently performed better on a test of general fluid intelligence than a control group that had not undergone working memory training [1] . Similarly, a study reported in this issue of Current Biology [2] found that, in mice, an experimental group that learned to navigate two radial arm mazes with overlapping
